Despite recent advancements in the medical management of metastatic disease in the spine, surgery continues to play a central role. 28 Proper patient selection and appropriate surgical intervention continues to be a frequent cause for concern among spine surgeons. Ambulation at the time of death and long-term functional viability is a primary concern when considering reconstructive spinal surgery in cancer patients, because the vertebral column is the most common site of skeletal metastases. 23, 33 The older oncology literature reported that surgery combined with radiotherapy did not improve survival rates any more than radiotherapy alone. 5, 20 The validity of these studies is unclear; they are very dated, poorly designed, and often reach inaccurate conclusions. More recent studies have demonstrated improved outcomes and lower morbidity after surgery. 7, 8, 15, 25, 26, 50, 56 With increased survival times, spine surgeons are now more frequently faced with difficult decisions regarding treatment in patients with extensive lesions. Although palliative treatment is appropriate in some instances, resection can have potential beneficial effects on neurological function, pain, mobility, and overall quality of life. 9, 14, 22, 24, 26, 29, 36, 37, 47, 56 Moreover, tumor progression causing paraplegia may actually result in increased medical costs as well as decreased quality of life.
Patient Selection
Patient selection criteria included the presence of at least one spinal metastasis with a previous diagnosis based on tissue analysis and a patient life expectancy greater than 6 months. The biological behavior of the tumor (that is, tissue of origin, tumor progression, bone predilection/tropism) was taken into consideration. Indications for surgery included metastatic vertebral instability, disease-related fracture, disabling pain, and progressive neurological deficit.
In all patients undergoing surgery for disabling pain, palliative treatment with bed rest, orthotic devices, nonsteroidal antiinflammatory drugs, and narcotic medications had failed. Each patient had also completed 4 to 8 weeks of physiotherapy and in some cases had received epidural injections. Primary symptoms at the time of surgery included pain in 53 patients (92%) and progressive paraparesis in 35 (60%).
A complete history, physical and neurological examination, and review of symptoms was performed in all patients. Bowel and bladder status was documented. The general overall health of the patient and nutritional status were also assessed. Standard metastatic and laboratory workups as well as cancer staging included complete blood count and serum chemistry analysis that were collected before surgery. Plain radiography and CT myelography or MR imaging of the entire spine was performed in all patients. Preoperative arteriography and embolization was performed in select cases. Radiological evaluation for metastatic workup also included chest x-ray films, CT scanning, or MR imaging of the head, chest, abdomen, and pelvis, and mammography in women. Medical and radiation oncologists were involved at an early stage to establish that a multidisciplinary care approach was followed. All patients underwent preoperative radiation or chemotherapy where appropriate, unless they presented with acute neurological deterioration (one patient).
Surgical Technique
Selection of the surgical approach was based on anterior, middle, or posterior column involvement of the spine as well as the patient's overall medical condition. If the tumor was located posteriorly then a posterior approach was performed, with supplemental instrumentation if there was evidence of instability. A combined anteroposterior approach was considered for the following conditions: extensive circumferential tumor (three-column involvement); significant vertebral instability in which anterior stabilization alone was deemed insufficient to restore spinal stability; marked kyphosis; multilevel vertebral body involvement; prior laminectomy at the level of the tumor; and junctional (that is, the cervicothoracic or thoracolumbar junction) site of involvement (Figs. 1-4) . In general, the side of the tumor mass was the one from which we made our approach; otherwise we used the left side (Table 2) .
A. T. Villavicencio, et al. The vertebral body defect was reconstructed using either femoral shaft (allograft), an expandable cage, a titanium mesh cage, or a vertical titanium mesh cage filled with allograft bone. An anterior thoracolumbar locking instrumentation construct was placed to provide additional anterior spinal stabilization. A chest tube was placed in the thoracic cavity, followed by a standard closure. The chest tube was removed when the amount of drainage at 24 hours was less than 150 ml. Additional posterior segment instrumented fusion was performed if indicated.
Clinical Follow-Up Evaluation
After surgery, patients were examined daily while in the hospital and then at 1 and 6 weeks after discharge. Followup evaluations were then conducted at 3-to 6-month intervals for the 1st year and thereafter for the remainder of the patient's life. The level of pain present preoperatively was assessed individually by the patient during the routine preoperative workup. Postoperatively, the level of pain present was again assessed individually by the patient during each clinic visit. If the patient was unavailable due to geographic limitations, the follow-up evaluation was performed by the family physician and the spine clinic nurse practitioner through routine phone interviews. The outcome measures at each evaluation included documenting measurements from a modified Frankel scale assessing neurological function, the Oswestry pain scale, ambulation status, and bowel and bladder function. Longevity and functional status (that is, ambulation and bowel/bladder function) were the major factors evaluated in this study.
RESULTS
Surgical approaches and location are summarized in Table 3, which shows that 36 (62%) of 58 patients underwent anterior tumor resection and vertebral body reconstruction in the thoracic spine and 22 (38%) underwent this procedure in the lumbar spine. Twenty-five (69%) of 36 patients who underwent surgery in the thoracic spine had anterior procedures only, whereas 11 (31%) had both anterior and posterior surgery. Fourteen (64%) of 22 patients who underwent surgery on the lumbar spine had anterior procedures only, whereas eight (36%) had both anterior and posterior surgery. The number of levels treated usually consisted of one or two vertebrae reconstructed, with a small number of three-and four-level procedures ( Follow-up data were obtained in 44 of 58 patients, representing a 76% follow-up rate, and those in whom information was unavailable had died of their underlying metastatic disease and were not lost to follow up. In 49 (85%) of the 58 patients, their pain had improved relative to their preoperative status, it was unchanged in nine (15%), and no patient reported worsened pain. Sixteen (57%) of the 28 patients with incomplete incontinence preoperatively had clinical improvement in bladder function after surgery. No patient with complete incontinence preoperatively had improvement in bladder function postoperatively.
The majority of our patients (34) were ambulatory preoperatively, and 32 (94%) of this group remained ambulatory postoperatively, whereas only two (6%) lost the ability to walk before they died of unrelated causes (Table 5) . Of the 24 patients who were nonambulatory preoperatively, 15 (62%) regained ambulatory function, whereas nine (38%) remained nonambulatory but had some useful lower-extremity function allowing mobilization transfers. Fourteen (24%) of 58 patients were alive at the time this paper was written. The mean duration of survival was 13 months (range 3-38 months).
Surgical Complications
Three patients experienced wound infections postoperatively that required reoperation for debridement. All hardware was left in place and the patients were treated thereafter with a 6-week course of antibiotic drugs. Four patients suffered pneumonia that was treated medically. Two patients experienced cerebrospinal fluid leaks that were managed with lumbar drains; neither of these required reoperation. In three patients, deep venous thromboses were diagnosed and were treated with anticoagulation therapy. More importantly, we had to repeat the operation in 12 patients (21%) for local recurrence of the metastases. We also found that two patients in this group of 12 who had local recurrence experienced pseudarthrosis secondary to local recurrence and progression of disease.
DISCUSSION

Background on Metastatic Spinal Tumors
Metastases account for 70% of all vertebral column tumors. 41 Although the lumbar spine is the most frequent site of spinal metastases overall, more than 70% of symptomatic metastases occur in the thoracic spine, whereas the cervical and lumbar regions are affected in 10 and 20% of cases, respectively. 21, 50 The most frequently arising solid A. T. Villavicencio, et al.
metastatic spinal lesions are breast, lung, prostate, and renal cell carcinomas. 6 Lung cancer is the most common neoplasm in males, whereas breast cancer is the most frequent one in females. 25 Less frequently observed are thyroid and gastrointestinal carcinomas. 50 Of the lymphoreticular malignancies, multiple myeloma and lymphoma are frequent causes of disseminated spinal lesions. 10 In this series, we had a predominance of renal cell carcinoma (31%), followed by lung cancer (21%), plasmacytoma (14%), and breast cancer (10%) that were likely due to referrals to a specialty oncology center. There were no cases of metastatic prostate carcinoma.
Outcomes for Pain Improvement
Pain was the most common symptom (92% of patients) associated with metastatic thoracolumbar lesions in this series. Some pain is present to some degree in essentially all patients with metastatic spinal involvement, and, can be so severe that basic activities such as walking are difficult. 15 Pain associated with spinal metastases is typically constant, localized, debilitating, and often worse at night. 30 In addition to decreased functional mobility, this can result in sleep loss and severe depression. 19 In this series, we demonstrated an 85% incidence of improved pain symptoms postsurgery. In another 15% of patients the pain was unchanged, and none reported worsening pain related to surgery. These findings are consistent with the generally high rate of pain relief reported after surgery for metastatic tumors in the literature. 25 Weigel, et al., 56 reported at least moderate pain relief in 89% of patients after performing anterior decompressive surgery and stabilization. Similarly, Rompe, et al., 44 and Hussein, et al., 27 documented pain relief in approximately 90% of cases. Shimizu, et al., 48 and Cahill and Kumar 7 both reported 100% pain relief after posterior surgical approaches for metastatic spinal tumor decompression and stabilization, which seems very remarkable for spinal reconstruction for metastases in a rather diverse group of patients with varied symptomatology.
Spinal cord compression and/or instability from metastases can result from direct invasion by tumor, disease-related fracture, or osteoblastic bone reaction. 25, 27, 32, 43, 53 Depending on the mechanism of spinal cord compression or instability, there are a number of surgical approaches available to the spine surgeon. In general, laminectomy for decompression of spinal metastatic tumors has fallen out of favor because most spinal metastases originate in the vertebral body, and laminectomy is a potentially destabilizing procedure when there is anterior column support failure that results in progressive kyphotic deformity and neurological injury. 25 The majority of patients in this series (62%) underwent surgery for single-level disease, another 22% underwent two-level vertebrectomy, and in 14% three levels were reconstructed. Only one patient underwent a four-level vertebrectomy and reconstruction. In the series reported here, 39 patients (52%) underwent anterior approaches only, whereas another 19 (48%) underwent combined anteroposterior approaches. Similarly to other authors, 17 we found the simultaneous anteroposterior approach to be both safe and effective, particularly for thoracic spine tumor resection. Although this series did not include any posterior or posterolateral tumor resections and reconstructions alone, we believe that selected cases of metastatic spinal involvement predominantly involving only the posterior spinal elements can be treated with laminectomy for decompression and stabilization if need be. Also, some selected patients with unacceptably high medical risks associated with the anterior surgical approach may benefit from a modified posterior or posterolateral transpedicular or costotransversectomy approach made using instrumented stabilization. Although these reports indicate results comparable to surgery via the anterior approach, 1, 12 complete ventral decompression and reconstruction comparable to that achievable with open anteroposterior procedures seems unlikely.
Several authors believe that the morbidity associated with anterior thoracolumbar approaches is not justified for the majority of patients with metastatic spinal disease. 35, 44 Rompe, et al., reviewed their results in 50 patients who underwent posterior surgical decompression and fusion via a posterior approach with the use of long segmental hook instrumentation alone. Twenty-six patients experienced a preoperative neurological deficit, 14 (54%) of which improved at least one Frankel grade postoperatively. 18 One patient (4%) was worse after surgery and 11 (42%) remained unchanged. The authors concluded that posterior surgical decompression and fusion alone was appropriate in cases of multilevel metastatic disease that would be difficult to manage via an anterior approach. We agree that posterior instrumentation and fusion is appropriate for multilevel cases, but anterior or anteroposterior surgery is preferable for focal lesions requiring one-, two-, or three-level vertebrectomy. Interestingly, the only two cases of hardwarerelated failure in the report by Rompe, et al., 44 occurred in patients with single-level disease, and we believe that these patients may do well with an anterior or anteroposterior procedure. Similarly, Shimizu, et al., 48 reported similar rates of neurological improvement in a small study of 11 patients with multilevel metastatic disease, and nine patients (82%) attained improved neurological function after posterior decompression and stabilization.
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Metastatic spinal tumors: vertebral reconstruction postsurgery 5 An anterior approach to metastatic tumor surgery in the thoracolumbar spine has several distinct advantages. 31 Anterior surgery provides the most direct route for decompression and tumor resection that also allows for effective reconstruction of the weight-bearing anterior vertebral column and short-segment fixation with potentially improved wound healing. 21 Sundaresan, et al., 51 reported on a prospective series of 54 patients who underwent surgery for metastatic spinal tumors, and 83% of these patients underwent anterior or anterolateral approaches. Forty-four percent of patients were nonambulatory before surgery because of a neurological deficit causing weakness, or pain preventing ambulation. Following surgery, 100% were ambulatory and 90% of patients had improvement in the pain, with an overall complication rate of 20%.
In our series, 16 (57%) of the 28 patients with incomplete incontinence preoperatively had improvement in bladder function on clinical review postsurgery, whereas no patient with complete incontinence preoperatively had improvement in bladder function postoperatively, which is consistent with other results published in the literature. 56 Of the 31 patients ambulating preoperatively, 29 (94%) remained ambulatory postoperatively, whereas only two of these patients (6%) became nonambulatory before they died of their underlying disease. Our experience with these patients and with the 21 patients who were nonambulatory preoperatively, 12 (57%) of whom regained ambulation function, strongly supports the premise that quality of life can be dramatically improved, with long-term functional efficacy following major reconstructive surgery for spinal metastases.
Weigel, et al., 56 reported the outcomes for a variety of approaches in a nonrandomized, retrospective review of 45 patients who underwent surgery for neurological deficits resulting from disease that had metastasized to the spine. In their study, 62% of patients improved after anterior surgery, whereas 50% improved after laminectomy. King, et al., 29 reported a 50% incidence of neurological improvement of at least one Frankel grade in 20 patients following anterior decompression combined with posterior stabilization without laminectomy. Although these reports indicate that anterior surgical decompression and stabilization is more effective than laminectomy and posterior spinal instrumentation, it is difficult if not impossible to draw conclusions based on this type of data. Currently there are no randomized, prospective studies available.
Another indication for anterior thoracolumbar reconstructive surgery to treat metastatic disease is spinal instability. Harrington 22 reported on 77 patients with spinal instability caused by metastatic disease-related fractures of one or more vertebrae. Surgery consisted of anterior decompression and stabilization with methyl methacrylate augmented by Knodt distraction rods positioned anteriorly. Of the 63 patients with major preoperative neurological impairment, 26 experienced complete neurological recovery, 16 improved significantly, 20 remained unchanged, and one patient deteriorated. Pain relief was achieved in 72 patients. Follow-up duration ranged from 31 to 146 months, and there was one reported wound infection among the 83 anterior stabilization procedures.
Due to recent advances in the medical management of certain types of tumors, such as breast, renal, and prostate carcinoma, longer survival times are being achieved compared with those published in the medical literature from earlier decades. 25 Our protocol is that patients in whom expected survival is at least 6 months may be considered for palliative surgery to provide and maintain ambulatory status. Numerous factors are taken into consideration, including overall health, nutrition, biological behavior of the primary tumor, and extent of preoperative neurological deficit. 46, 49, 55 At the time of this review, although only 14 patients (24%) were still living, the mean survival duration was 13 months (range 3-38 months). Whether improved survival occurs because ambulation is maintained remains unproven, but it is feasible.
Tokuhashi, et al., 55 discussed survival after surgery for spinal metastases in 64 patients who were similar to the patient population in our series. These authors generated a scoring system based on multiple parameters including general condition, number of spinal metastases, number of extraspinal bone metastases, presence of lesions in organs, location of the primary lesion, and the severity of spinal cord injury. Although no single parameter was predictive, they were able to predict survival of greater or less than 12 months or survival of greater or less than 3 months with high degrees of accuracy. Although we did not use the Tokuhashi scoring system, it appears that this could be a valuable tool that would aid in making preoperative decisions.
In particular there has been controversy over the Tokuhashi system using the patients' preoperative neurological status as a predictor of survival. 16, 49, 53, 56 This is potentially related to a rather simplistic grading system used by Tokuhashi in which spinal cord deficits are divided into motor complete (Frankel Grade A or B), motor incomplete (Frankel Grade C or D), or intact (Frankel Grade E).
The mean survival duration after spinal cord compression-induced paraplegia has been reported as approximately 3.4 months. 56 Because 5 to 10% of patients with cancer will suffer from neurological injury, decompressive surgery is the most effective treatment for spinal cord compression. 2, 4, 7, 15, 42, 44, 56 Radiation therapy is useful for radiationsensitive tumors (plasmacytomas) and typically does not result in rapid improvement when significant neurological deficits occur. It is therefore limited to lesions with minimal spinal cord compression. When used alone, radiation therapy does not result in a lasting improvement. As detailed in a series of 43 patients reported by Sundaresan, et al., 52 neurological improvement occurred in 45% of those treated with radiation therapy alone, whereas surgery before or after radiotherapy resulted in improvement in 10 and 60%, respectively. In the short term, radiation therapy may be more effective in patients with no evidence of bone compression. 39 A. T. Villavicencio, et al. 
Posttreatment Complications
Anterior approaches to the thoracic and lumbar spine have potentially serious complications. 38 We had a 21% incidence of minor complications, there were no major complications (including death) associated with surgery, and there were no new neurological complications. In addition, we had to perform repeated surgery in 12 patients (mean 7.6 months postoperatively) in this series to provide further decompression following disease progression. We do not believe that this is necessarily a complication but rather that it represents the natural history of metastatic disease.
Alternative and Future Therapies
We generally recommend that patients receive radiation therapy at 6 weeks postoperatively to allow time for the skin as well as the construct to heal. During the 6-week followup period the patient also undergoes a new set of plain x-ray studies to assess instrumentation and alignment as well as a CT scan or MR image to evaluate the extent of resection. Radiation therapy for metastatic spinal tumors in the absence of neurological deficit, intractable pain, or spinal instability is currently an acceptable treatment. In some inherently radioresistant tumors, however, such as renal cell and gastrointestinal lesions, less than 50% of tumors respond to this therapy. 45, 54 The potential side effects and complications of radiotherapy must be taken into consideration. 34 Surgery is generally not performed until at least 3 weeks after external-beam radiotherapy is performed in the zone of treatment because of the harmful effects of this modality on wound healing. 25 Spinal instability is obviously not treated by radiotherapy, and in some cases this treatment can cause further bone weakening and instability, as occurred in the patients in this series who had plasmacytomas. 3, 10, 13, 25 Vertebroplasty has recently been introduced as a method of treatment for metastatic disease-related spinal fractures. 3, 10, 13 This technique can be especially useful in patients with limited anticipated survival, in poor surgical candidates, in patients who have received maximum radiation doses, and in those with significant vertebral body collapse and axial pain. 3, 13, 40 Vertebroplasty can also be performed as a complement to radiotherapy to provide immediate pain relief and stabilization. 40 Patients who may benefit most from this technique have severe, localized, mechanical back pain related to vertebral collapse. Nevertheless, vertebroplasty is contraindicated in patients with spinal instability or with spinal cord compression due to epidural tumor extension and who require surgical intervention.
11,13
CONCLUSIONS
Reconstructive thoracolumbar vertebrectomy has been established as an effective treatment option in patients with metastatic disease. Patients typically present with progressive neurological deficit and severe pain that threatens their neurological function and quality of life. Patients are encouraged to receive maximal medical therapy (radiation or chemotherapy) before surgery to reduce the tumor burden, and often postoperatively as well. Anterior decompression and stabilization of the spine in these patients allows direct access to the pathological entity for en bloc resection of the tumors and decompression of the spinal cord. Significant neurological improvement and decreased pain can be obtained in select patients. More importantly, we have found that quality of life is a major factor that can be significantly improved with surgery, primarily by maintaining the patient's ambulatory status and bladder function.
